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Abstract: Guanine (GU) and uric acid (UA) each have their biological significance as an indicator and
cause various serious disorders in the human body. Therefore, sensing their level in the human fluid is
of paramount importance in monitoring serious human physiology disorders. In this regard, we
developed an efficient electrochemical sensor from nanoparticles of nickel magnate (NPs-NiMn,QO4)
incorporated with graphite paste (NiMn2O4-NPs /GP) to detect both the GU and UA individually and
simultaneously. Cyclic voltammetric (CV) and differential pulse voltammetric (DPV) techniques were
employed to examine the electrochemical sensing ability of the NiMn.O4-NPs/GP sensor. The findings
revealed that the detection limits of UA and GU were 400 and 400 Nm with linear ranges from 3.0 to
120 uM and 0.5 to 100 uM, respectively. Further, the influence of scan rate and pH of electrolyte on
the sensing ability of prepared sensor was also systematically investigated.

Keywords: cyclic voltammetry; differential pulse voltammetry; electrochemical sensor; guanine;
NiMn.O,4 nanoparticles; uric acid.
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1. Introduction

Guanine (GU) is one of the purines of the four nucleic acid building blocks and plays
integral roles in cardiac rhythm, blood circulation, and neurotransmitter release. The blood
level of GU can indicate the existence of cancer, deficiencies or mutations in the immune
system, AIDS, epilepsy, myocardial cellular energy status, abnormal tissue degradation, and
enzymatic and metabolic malfunctions [1,2]. Uric Acid (UA) is one of the main by-products of
the metabolism of purine and is excreted by urine at 250mg dL-1 to 720 mg dL-1 concentration
range [2]. Changes in GU in blood levels lead to hyperuricemia, gout, cardiovascular
abnormalities, multiple sclerosis, oxidative stress, kidney diseases, high blood pressure, and
Lesch-Nyan disease [3]. Simultaneous detections of both GU and UA are necessary as they co-
exist in the body fluids and mutated DNA as they are both important markers for clinical
medicine. Purine derivatives are a marker for agro -foods and human samples [4-7].

In this context, fluorescence spectrometry, mass spectroscopy, high-performance liquid
chromatography (HPLC), ion-pairing liquid chromatography, flow in injection
chemiluminescence-based sensors, micellar electro-kinetic chromatography, enzymatic
analysis, and capillary zone electrophoresis are most commonly used for clinical detection for
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both the GU and UA. However, all these methods are very time and labor-intensive, making
them expensive. Hence, more affordable and versatile detection strategies are needed that can
be used outside expensive laboratories, reducing sample collection, transportation, human
errors owing to disparities, time constraints, etc. Sensors being small in size, portable, and easy
to manufacture led to the surge in developmental research [8-13].

Within this agenda, modern electro-analytical sensors stand out among the numerous
types of sensors being researched and developed due to their exceeding adaptability and
sensitivity. The main principle here is biochemical reactions for the recognition of bio-
molecules. Biomolecules and metabolic by-products have a distinctive electronic signature that
can be detected by these sensors even in trace quantities and converted to analytical signals
that can monitor physiological analytes in highly complex biological fluids or chemical
analytes in commercial products. The full potential of sensor technology and development is
evident in the race to fight the current COVID pandemic [2, 14-18].

The development of electrochemical sensors for UA and GU was hurdled due to the
presence of interfering electroactive species in real samples, which influenced oxidation [19-
20]. Challenges such as slow electron transfer, high overpotential, electrode surface fouling by
oxidation product deposition, low reproducibility are frequently faced with the development of
new electrodes [21,22]. However, they have numerous advantages, including being
manufactured into inexpensive equipment with fast processing rates, collecting data quickly,
and operating even if the sample of interest is complex, concentrated biological samples [23].
They can also be easily miniaturized and still produce high selectivity of detection at low
concentrations [24]. This can be improved by modifying the electrode surfaces per need [7,
25]. For this purpose, graphite paste (GP) /carbon-paste electrodes (CPE) have become very
popular for properties such as large potential domains, the ease with which they can be
modified with the addition of other materials making into a paste having a satisfactory
background current and fast surface regeneration [26-27]. Also, they are popular because of
their chemical stability, slow biodegradation, low ohmic resistance, fast electrode surface
renewability, mechanically robust. Thus, modification of GP with various materials like mixed
oxides is capable of detecting samples in trace quantities using cheap and ready availability of
oxide modifiers [9, 28-34].

We are particularly interested in developing oxide-based nanoparticles as sensor
modifiers. The advantages of employing nano-sized oxides are good electrochemical
conductivity due to defects in the lattice, a larger surface area having higher reaction centers,
and also shows small over the potential of electrochemical reaction. The major parameters on
which we focus are the ease and low cost of producing an electrode material that is chemically
stable and has a long life. The prominent mixed oxides are spinel, orthoferrites, and perovskites
[35-37]. All these nanoparticles of mixed oxides can be synthesized by combustion technique
using simple laboratory chemicals [38-42]. So far, our team has developed a Lanthanum ortho-
ferrite nano-material sensor for Dopamine detection [32] and a Copper Telluride based sensor
for estimation of Epinephrine and Uric Acid [41,43]. Based on these sensors and their detection
limits, we have developed a NiMn2O4 nanocomposite in a CPE as a novel sensor that can detect
Uric acid and guanine efficiently at very low concentrations.
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2. Materials and Methods

2.1. Chemicals and reagents.

Uric acid (CsHaN4Os3), guanine (CsHsNsO), and graphite powder were procured from
Sigma Aldrich, USA. Nickel nitrate hexahydrate (Ni(NOz)2,6H20) manganese acetate
anhydrous (CH3COO)2Mn), monoethanolamine (C2H7NO), nitric acid (HNO3), and sucrose
(C12H22011) are procured from Merck, India. The used chemicals were of analytical grade, and
all solutions were prepared in de-ionized water or mentioned otherwise.

2.2. Synthesis of NiMn20O4 nanoparticles (NiMn2O4 -NPs).

The one-pot synthesis procedure was used to make nanoparticles (NPs) of NiMn2Og,
100 mL double distilled water was taken in a 1000 mL size beaker to which 1 gm nickel nitrate,
1.19 gm manganese acetate anhydrous, 5.6 gm mono-ethanolamine and 23 gm sucrose were
added. 15 mL of concentrate nitric acid was added to it in order to ensure homogeneity. The
solution was heated at 150-160°C on a hot plate till the generation of black fluffy mass. This
black fluffy mass obtained was ground in a mortar and pestle. Calcinations were conducted in
a muffle furnace at 600°C for 6-7 hours which then generated the NiMn2O4-NPs.

2.3. Fabrication of electrode for the sensor.

A paste with a uniform distribution of NiMn204-NPs and graphite (ratio 1:4, w/w) was
prepared by mechanical mixing in a mortar-pastel after adding a few drops of paraffin oil. A
capillary glass tube having an inner diameter of 2 mm and an outer diameter of 5 mm was
utilized to fabricate the electrode. The tube was filled with this uniform paste of NiMn204-NPs
and graphite and was tightly pressed using a thin metallic rod. For conductivity of current, a Pt
wire was inserted at the opposite end of the capillary tube. The same methodology has been
used for the fabrication of bare GP electrodes. The slurry of Al>O3 (0.6 mM) has been used to
polish the composite surface. After washing with ethanol, the electrodes were subjected to
desiccated drying under an N2 atmosphere.

2.4. Apparatus and measurements.

For morphology and size analysis of the synthesized nps-NiMn2O4, high-resolution
transmission electron microscope (HR-TEM; Tecnai G2 30 S-TWIN) and field emission
scanning electron microscope (FESEM; Hitachi, SU-8010) were used. To perform
electrochemical measurements with synthesized electrode (NiMn204/GP), Autolab101
(Netherlands) was used involving three-electrode system namely: Ag/AgCI electrode (also
called as reference electrode), fabricated electrode (also called as a working electrode), and Pt
electrode (known as a counter electrode) were used. Post optimization, as a supporting
electrolyte, a phosphate buffer solution with pH 5.0 was used. Electrochemical studies were
carried out at 25°C. The used rates of the scan were 50 mVs™ for DPV and 100 mVs™ for CV.
The voltage ranges used in the measurement were from 0.4 to 1.4 V for GU and from 0.0 to
0.8 V for UA. The simultaneous estimation of UA and GU at the surface of NiMn>04-NPs/GP
electrodes, the range of voltage was used 0.4 to 1.4 V for CV and 0.2 to 1.2 V for DPV
methodologies.
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3. Results and Discussion

3.1. Characterization of prepared nanoparticles (NPs) of NiMn2Os.

Figure 1 depicts a schematic presentation of a typical NiMn2Os-NPs based sensor

electrode fabrication process. Combustion and heat treatment procedures were used to prepare
NiMn,04-NPs based sensor electrodes.

Preparation of Electrochemical Sensor for UA & GU
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Figure 1. Systematic illustration of NiMn,O4-NPs based sensor electrode.

Further, various analytical techniques such as XRD, FE-SEM, elemental mapping, and
TEM were used to analyze the produced np-NiMn2Oa4. The crystalline structure and chemical
compositions of NiMn2O4-NPs are determined using XRD patterns (Fig. 2a). The appeared
diffraction peaks at 20 values of 19.7°, 37.2°, 44.0°, 47.2°, 56.1°, 70.5°, 77.9°, and 84.1°, as
compared to previously reported work [44].
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Figure 2. (a) XRD pattern of synthesized NiMn,O4 NPs (inset figure is indicating the crystal model of
NiMn2Qy), (b) Elemental mapping picture of NiMn,O4 NPs, (c) FESEM, (d) TEM images of synthesized
NiMn204 NPs.
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The crystal structure of the spinel NiMn2O4-NPs was shown in the inset image in Figure
2a, which adopted a cubic structure of Ni/Mn ions with Ni:Mn=1:2 embedded in the interstices
of oxygen tetrahedron and octahedron stacking. The close-packed oxygen anions (O%) make
up the cubic lattice in which these cations are embedded. EDX of the sample shown in Figure
2b presented the elemental picture of NiMn204-NPs, indicating the atomic ratio of Ni, Mn, and
O-atoms as expected. Further, the morphology and structure of prepared np-NiMnOs were
characterized by FE-SEM. The FE-SEM image (Figure 2c) clearly indicates that these
NiMn204-NPs possessed the cubic crystal structured morphology with the size ranging
between 50 to 60 nm, as supported by the TEM image (Figure 2d).

3.2. Sensing performance of the prepared electrochemical sensor.

3.2.1. Electro-investigations of NiMn204-NPs /GP Composite and bare GP Electrode.

At the preliminary label, the electrochemical property of the modified electrode
(NiMn204-NPs /GP) was studied using a mixture of [Fe(CN)e]™/ [Fe(CN)s]? as a standard
redox system. Cyclic voltammograms of both electrodes displayed a current (oxidation) value
of 108 pA and 87 pA in case NiMn2O4—NPs /GP electrodes and GP electrodes, respectively.
The cyclic voltammograms for both electrodes using 3 mM Ka[Fe(CN)s] have been presented
in Figure 2. This revealed composite electrodes' efficient electrocatalytic chemical activity over
simple GP electrodes.
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Figure 3. Cyclic Voltammogram plots as obtained under 3 mM V [Fe(CN)s] “*/[Fe(CN)s]  redox system.

3.2.2. Electrocatalytic Oxidation of GU and UA at NiMn,O4-NPs /GP Electrode Surface.

Voltammograms were recorded to study the responses of sensors of fabricated
electrodes towards bio-molecules UA and GU individually and also in a mixture. The cyclic
voltammogram of NiMn2Os-NPs/GP electrodes was obtained for UA (Figure 4a) and GU
(Figure 4b). Peak values of oxidation potentials at NiMn2O4-NPs /GP electrode surface were
found to be 583mV for UA and 978mV for GU. The peak current value for UA was 9.31 pA,
and GU was 10.74 pA at NiMn2O4-NPs /GP electrode. For only GP electrode, the peak current
was found to be 6.05 pA for UA and 5.45 pA for GU, respectively (Figure 4c). On the other
hand, the sensing capacity of the electrode in a mixture of UA and GU, differential pulse
voltammogram was recorded in the mixture of 100 uM UA and 100 uM GU was recorded.
From Figure 4, it can be easily concluded that the newly developed electrode showed two
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separated UA and GU peaks with a good separation difference, i.e., 434 mV between both bio-
molecules (Figure 4d). These observations revealed that efficient electrocatalytic activities
introduce better detection and faster electron transfer. After optimization, an optimum scan rate
for all CV measurements was performed at 100 mVs-1. In the case of DPV measurement, the
scan rate was performed at 50 mVs™ under pre-defined conditions [5 mV as step potential; 40
mV as modulation amplitude, 0.02 s as modulation time, and 0.01 s as interval time].
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Figure 4. Cyclic voltammogram plots of (a) 0.1 mM of UA; (b) 0.1 mM of GU; (c) A combination of 0.1 mM
UA and 0.1 mM GU; (d) DPV plot for a combination of 0.1 mM UA and 0.1 mM GU [*Background electrolyte:
0.1M phosphate (pH 5.0); scan rate of CV: 100 mVs; scan-rate of DPV:50 mVs™].

Cyclic voltammograms were recorded from 0.0 to 0.8 V for UA. Similarly, cyclic
voltammograms of GU were recorded from 0.4 to 1.4 V for the simultaneous estimation of GU
and UA at NiMn2Os-NPs /GP electrodes. The voltage was changed between 0.4 to 1.4 V for
CV and from 0.2 to 1.2 V for DPV, respectively.

3.2.3. Effect of pH and scan rate on the oxidation of UA and GU at NiMn,O4-NPs/GP
electrodes.

In the electrochemical analysis of all these bio-molecules, supporting electrolytes plays
an important role [45]. Cyclic voltammetry recorded the effect of pH on the peak potential and
peak current of GU and UA molecules. The experiments were performed in phosphate buffer
solution with pH variation from 4.0-6.0 at an interval of 0.5. The insets of Figures 5a and 5b
display the variations of the peak current with pH.
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Figure 5. pH variation from pH 4 to 6 (a) for UA, current value shown in inset, (b) for GU, current value shown
in inset, and the scan rate ranging between 5-500 mVs?, (c) for UA (0.1mM); (d) for GU (0.1mM) at NiMn,O4-
NPs/GP electrode.

Values of GU and UA increase from pH=4 to pH=5. Above pH=5 current was
decreasing with the increase of pH value of supporting electrolyte. This variation may be the
outcome of generating various anions of analytes with increasing pH. The optimum pH was
found to be 5. Thus, all experiments related to CV and DPV experiments were performed at
pH=5.

Variation of scan rates from 05.0 mVs™ to 500.0 mVs™* was used in cyclic voltammetric
measurement to study its effect on electrocatalytic oxidation on GU and UA. The scan rate was
positively correlated with a linear increment in the peak current (Fig. 5c-d).

3.2.4. Simultaneous estimation of UA & GU at prepared composite NiMn2O.-NPs/GP
electrode.

A controlled DPV measurement has been performed for obtaining a higher resolution
optimum peak current essential for the simultaneous estimations of GU and UA, and results
presented graphically (Figures 6a-b). In DPV method, fixed concentrations of GU were
maintained at 100 uM with a varying UA concentration ranging between 3-120 uM. The study
is presented in Fig. 6a. The linear range was found at a concentration range of 1-40 pM (R? =
0.965) and can be represented as equation 1:

(lua) y = 0.028UA + 0.115 eq. 1
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The second linear range (R2 = 0.973) was found at the concentration range 40-120 uM
as shown in equation 2:

(|UA) y= 0.002UA +0.144 eq. 2
35
204
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Figure 6. Oxidation current vs voltage plots at (a) varying concentrations ofUA (1 uM-120 uM) [Concentration
of GU:100 uM]; (b) varying concentrations of GU from (0.5 uM-100 uM)[Concentration of UA: 100 uM].

An increase in oxidation peak current (lua) was found to be facilitated with an increase
in the concentrations of GU and UA. The lowest detection limits for GU and UA were noted
to be 300 nM and 400 nM, respectively.

3.2.5. Comparative study with the previously developed electrode.

The comparative study of the response of NiMn20O4-NPs/GP and previously developed
electrodes has been done by several investigators. Hui et al. used PANI/Mn20 modified
electrode [46], Yang et al. used NiCoO2/GPE modified electrode [47], Liu et al. used PI-mox
GO/GCE modified electrode [19], Kumar et al. used CTAB/GCE modified electrode [27], Yari
et al. used TAN-Ag NP-PANF/CPE modified electrode [26], Jesney et al. used p-PTSA/GCE
modified electrode [2]. Similarly, Cruz et al. used UO x-poly(4-ASA)-PB-CSPE modified
electrode [6], and Beitollahi et al. also used GO/Fez04@SiO./CSPE modified electrode [7].
The detection limit and linearity range of the above-mentioned investigations have been
presented in Table 1. Our values are comparable or better than all these presented reports.

Table 1. Comparison of linear range and detection limits with various electrodes along with np-NiMn204 /GP

electrode.

Guanine Uric acid
Modified Electrodes Linear Detection Limit | Linear Detection | Detection limit | References

Detection range (nm) range (M) (nm)

(=M)
p-PTSA/GCE 10-100 350 10-100 5880 2]
UO x-poly(4-ASA)-PB-CSPE - - 10-200 3000 [5]
GO/Fe304@SiO2/CSPE - - 0.75-300 570 [6]
PImox GO/GCE 3.3-103.3 480 3.6-249.6 590 [16]
TAN-Ag NP-PANF/CPE 0.9-140 3000 - - [20]
PANI/MnO2/GCE 10-100 4800 - [36]
NiCoO,/GCE - - 5300 [37]
CTAB/GCE Feb-60 300 5-125 1700 [38]
npNiMn204/GP 0.5-100 300 03-120 400 Present work
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3.2.6. Reproducibility of the prepared electrode.

To check reproducibility as seen in most recent research works of fabricated electrodes
[48], five electrodes were made using identical conditions. The almost similar response-of all
five electrodes were noted by CV analysis (Fig. 7). The stability of the electrode was studied
by post storage at a temperature of 30°C + 1°C for 40 days, and it retained 97% of the initial
response. To check repeatability, 10 experiments were performed under the same experimental
condition with the same electrode and found no change of initial response. Citric acid, ascorbic
acid, oxalic acid, and some common metal ions exhibited nil interfering effect even with 100
uM of their concentrations. Based on these above findings, it could be concluded that
NiMn204-NPs/GP modified electrode was highly appropriate for detecting GU and UA.

124
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Figure 7. Reproducibility of the prepared electrode by preparing five electrodes using a similar fabrication
method.

3.2.7. Real sample analysis using NiMn204-NPs /GP composite electrode.

The urine & human serum samples were selected to estimate UA in the real sample to
test the efficiency of the composite electrode. After centrifuging at 4000 rpm, the samples were
diluted with phosphate buffer (pH: 5.0) and tested using the prepared electrode. The recovery
values for UA in urine and blood serum samples were noted to be 100.5 and 99.7%,
respectively, using the following equation (Eq 3) [33]:

Found(uM)—Diluted biologial fluids/pharmaceutical sample(uM
Recovery?= () glal flulds/p Ple(tM) » 100% eq. 3
Spiking(uM)

In the case of GU, the recovery values were found to be 101.1% in urine and99.6% in
human serum samples. The results are summarized in Table 2.

Table 2. Determination of UA and GU in real samples at modified NiMn,QO, electrode (n=3).

Electrode Sample Sample Type | Spiking(uM) Found(uM) R.S.D! (%) Recovery? (%)
(Original/Diluted)
(M)
Urine Sample
UA 20 30 50.5 1.92 100.5
GU 0 50 50.1 1.54 100.1
NiMn204NPs | Human  serum
/GP sample
UA 20 30 49.8 14 99.7
GU 0 50 50.3 1.7 99.6

Relative standard deviation®.
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4. Conclusions

In this study, NiMn204-NPs modified GP electrode fabrication has been reported,
along with the synthesis procedure of nanoparticles of NiMn204 by simple combustion method
using ethanolamine and sugar as fuel. The size in the nano range has been confirmed by
advanced analytical techniques like FESEM & TEM by 50-60 nm. The electrochemical
activities of modified graphite paste electrodes were analyzed using CV & DPV techniques to
estimate biological molecules GU and UA. The NiMn20O4-NPs based composite electrodes
showed promising results towards the determination of UA & GU with a detection limit
(GU:300 nM; UA: 400 nM), lower than previously reported works. The developed composite
electrode had good selectivity, excellent stability, and reproducibility. The synthesis of spinel
powder is simple with superior sensitivity of detection. The proposed NiMn2Os-NPs /GP
composite electrode may find for the estimation of UA and GU for diagnostic used in medical
science.
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